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(54) Ethyl guar, a method for its preparation and use thereof 



(57) A process is provided for making ailcylated 
galactomannans comprising reacting a galactomannan 
in the presence of sodum hydroxide, water, and an allcyl 
halide to form a reaction mass under pressure and at 
temperatures greater than 50*0 in amounts and for a 
time sufficient to achieve a degree of substitution greater 
than 2.4. Organic volatiles from the reaction mass are 
stripped and the reaction mass is then washed in water 
at tempertues high enough to pro/ent dissolution or 
agglomeration of the alicylated galactomannan. This 
washed product is then dried and pulverized to suitable 
panicle size. This product is useful in applications requir- 
ing thidwning and rheoiogy modification of formulations 
containing aganic solvents or formation of coatingsAilm 
from organic advents. The products are also useful in 
pharmaceutical applications. 
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alkali is necessary to promote the reaction wfth the 
alkylating reagent the highest molecular weights are 
retained by rigorous removal of as much oxygen as pos- 
sible from the system. Lower molecular weight can be 
achieved, if desired, by less rigorous exclusion of oxygen 5 
or purposeful injection of air into the reaction mass. 

An alternative method for producing lower molecular 
weight products is to add a chemical oxidant, such as an 
inorganic peroxide tike hydrogen peroxide or an organic 
peroxide like t-butyl hydroperoxide, to the reaction mass. 10 
The use of chemical oxidants, particularly in comblnatk)n 
with metalion catalysts such as iron and cobalt, to reduce 
molecular weight of polysaccharides is also well known 
in the art. 

In the present invention, tiie base is preferably an 15 
alkali metal hydroxide such as sodium hydroxide. The 
concentration of the base and the concentration of water 
added to the galactomannan are variables affecting ttie 
ultimate degree of substitution of the product and the 
reacting efficiency of the alkylating reagent. The concen- 20 
trations can vary widely depending on the desired 
degree of substitution and the nature and concentration 
of tiie alkylating agent The presence of an inert diluent 
may also be a factor in determining the concentration of 
the base. The use of an excess amount of sodium 25 
hydroxide above the stoichtontetric amount required to 
achieve tiie desired degree of substitutkMi is preferred in 
this invention. 

In this invention, an inert diluent in not necessary, 
but may be added to aid stirrat>ility of the reaction mass 30 
and pronfK)te better heat transfer. Prefen'ed diluents are 
immiscible witii water and are unreactive to tiie base or 
alkylating reagent. Most preferred diluents are aliphatic 
or aromatic hydrocartm solvents such as heptane, tol- 
uene, or xylene. 3S 

As tiie next step in tiie process of tiie present inven- 
tion, an alkylating reagent is added to the alkalized galac- 
tomannan slurry and reacted at elevated temperature. 
The prefen'ed alkylating reagent is an alkyl hattde or mix- 
tures ttiereof. wherein the alkyl group Is methyl, ethyl, or 40 
propyl and tiie halide is chloride, bromide, or kxtide. For 
practical considerations, methyl chkxide and ettiyf chlo- 
ride are prefen-ed. witti ethyl chkxide being most pre- 
ferred. The concentration of tiie alkyl halide can vary 
widely depending on tiie desired degree of substitution, 4S 
alkylating reagent, presence of a diluent, reactk>n time 
and temperature, and concentrations of sodium hydrox- 
ide and water in the reaction mixture. All these factors 
can affect the reaction efficiency of the alkyl halide with 
the galatomannan. It is tiie reaction efficiency of tiie alkl- so 
yating reagent under the reaction conditions and desired 
degree of substitution ttiat determines the concentration 
of tiie alkylating reagent. A pr^en-ed mode of operation 
uses an excess of alkylating reagent above and beyond 
that required to achieve tiie desired disgree of substitu- ss 
tion. Unreacted alkylating reagent at the end of tiie reac- 
tion may be recovered and recycled. 

Witii these considerations in mind and the realiza- 
tion tiiat reagent concentrations can vary wkjely within 



tiie spirit of this inventkxi. a preferred process for man- 
ufacturing organo-soluble etiiylated galactomannan with 
an ethyl DS greater or equal t about 2.4 uses about 5.0 
to 8.0 parts sodium hydroxide to 1 part galactomannan. 
about 4.0 to 6.5 parts water to ^ part galactomannan, 
and about 3.0-5.0 parts ethyl chloride to 1 part galacto- 
mannan. 

In tiie most prefeaed process, the sodium hydroxide 
is predissolved in tiie water before being added to tiie 
galactomannan. About 11.5 parts of sodium hydroxkle 
solution to 1 part galactomannan is used, and ttie ettiyl 
chloridetsintherangeof about3.5to4.5pans. Theettiyl 
DS is varied by adjusting tiie strengtii of the sodium 
hydroxide-water 80lutk)n from about 45 to 65 wt% 
sodium hydrcDdde or by varying the amount of ethyl chlo- 
ride charged to ttie reactor. 

After adding the sodium hydroxide, water, and ethyl 
chloride to tiie pressure reactor, and optionally any 
molecular weight degrading reagent, tiie pressure reac- 
tor is sealed and heated. The reaction time and temper- 
ature can vary widely depending on the specific 
alMyating reagent used. In a preferred process using 
etiiyl chloride to make etiiylated galactomannan. ttie 
reactor is heated sk)wly to 90-100^0 over 4 hours. heU 
at ttiat temperature for 1-3 hours, ttien heated stowly to 
140*C over about 3 hours, and held at ttiat temperature 
for 1-2 hours. 

Alternatively, ttie reactor may be heated slowly to 
about 140*C over about 5 hours and heW at that temper- 
ature for about 3 hours. The pressure at ttie end of the 
reaction may reach as high as 500 psi. The reactor is 
ttien slowly vented while at 130-140'*C to remove volatile 
organic components. 

After venting, ttie reactor is cooled and discharged. 
The cnjde product is ttien washed witti water to remove 
water-soluble components. The temperature of the water 
during washing will vary depending on ttie DS of ttie 
product. For ethylated galactomannans with DS values 
greater ttian about 2.7, ttie temperature of ttie water can 
be as low as about 25*C. For products witti DS values 
less ttian about 2.6. it is preferred ttiat the water temper- 
ature be greater than about 40*^0 to inhibit excessive 
swelling of ttie product. During washing, an acid such as 
acetk; or hydrochtoric acki. may be added to neuti-alize 
residual sodium hydroxide. Also, an oxidizing agent such 
as an organic or inorganic peroxide may be added to 
degrade ttie molecular weight of ttie alkylated galacto- 
mannan. Washing witti water, eittier in batch or continu- 
ous mode, is continued until ttie desired level of purity is 
achieved. Thereafter, ttie product is dried and ground to 
the desired partide sizes. 

In accordance with ttiis invention, ttie alkylated 
galactomannans produced from ttiis process have an 
alkyl degree of substitution (DS) greater than 2.4 and are 
soluble in. and effectively ttiicken. many organic sol- 
vents. Typical organic solvents which ethyl guar is solu- 
ble in, indude alcohols such as methanol and ettianol 
and f urfuranols. ketones such as mettiyl ettiyl ketone and 
acetone, ar matic hydroxcarbons such as toluene. 
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cydoalphatic hydrocart)ons such as linx>nene and 
pinene. esters such as ethyl acetate, isopropyl palmitate 
and alkyi benzoates, and polar aprotic solvents such as 
acetonitrile and dimethylfbrnianiide. Ethyl guar is poaty 
soluble in aliphatic hydrocarbon solvents such as hep- 
tane, but is soluble in mixtures of al^atic and aroniatic 
hydrocart)on solvents. 

Materials with DS values greater than about 2.6 are 
insoluble in water at about aS^'C. but become partially or 
mostly soluble at tenperatures less than about 20*C. 
Materials with DS values less than about 2.6 are partially 
or mostly soluble in water at about 25*C. but phase out 
of solution and are insoluble at temperatures between 
about 25*C and aS'C. 

The ethyl guars of this invention also tend to be ther* 
mopiastic and can be thermally-compressed into coher- 
ent films at about 1 75'C. 

Example 1 

Preparation of Ethyiated Guar OS « 2.9 

A I0*9allon autoclave with an agitator therein was 
preheated to TS^'C. A nitrogen sparge was introduced. 
The reactor was charged with 43.5 lb of sodium hydrox- 
ide pellets or flake and 25.5 b of water (63% solution). 
After dissolution of the sodium hydroxide, the vessel was 
cooled to IS^'C and 6 lb of guar flour was added to the 
autoclave with the agitator turned on. The nitrogen 
sparge was removed, and the reactor was sealed. The 
reactor was further purged with nitrogen to remove the 
oxgyen above the liquid phase in the reactor and then 
26.4 lb of ethyl chloride was added. The reactor was 
heated at a constant rate to 1 40''C over 5 hours, and then 
held at 140^0 for 3 hours. The reactor was then vented 
at a constant rate over 1 hour while maintaining the tem- 
perature at 130-140^0. The reacted mass was then 
cooled to about SO'^C. dumped from the reactor, and 
batch washed with water. Acetic ackl was used in the 
final washes to adjust the pH of the water slurry to 6-8. 
The purified product was dried and ground. It had a 
degree of substitution of 2.9. 

Example 2 

Preparation of Ethyiated Guar OS « 2.8 

The same procedure was fbltowed as in Example 1 
except that 40 lb of sodium hydroxkje and 29 b of water 
(58% solution) were used in the reaction. 

Example 3 

Preparatk)n of Ethyiated Guar OS n 2.7 

The same procedure was fbltQwed as used in Exam- 
ple 1 except that 35.9 lb of sodium hydroxide and 33.1 
lb of water (52% solution) were used in the reaction. 



Example 4 

Preparation of Ethyiated Guar OS n 2.6 

5 The same procedure was followed as used in Exam- 
ple 1 except that 32.4 ib of sodium hydroxide and 36.1 
lb of water ( 47% solution) were used in the reaction. 

Example 5 

10 

Preparation of Ethyiated Guar Using A Different Heating 
Schedule 

The same procedure was followed as used in Exam- 
15 pie 1 except that the reaction was heated to 1 00*'C over 
2 hours, held at 100'C for 2 hours, then heated to 140*C 
over 3 hours and held at 1 40*C for 1 1 /2 hours. The prod- 
ucts produced by this schedule typically had a OS 
between 2.8 and 2.9. 

20 

Example 6 

Preparation Ethyiated Locust Bean Gum 

25 The same procedure was followed as used in Exam- 
ple 1 exceptthat locust bean gum fkxir was used instead 
of guar. The final product had a OS of 2.7. 

Claim 

30 

1. A process for making alkylated galatomannans 
comprising a) reacting a galadomannan in the pres- 
ence of sodium hydroxide, water, and at least one 
alkyI halide to fomi a reaction mass heated at tern- 

ss peratures greater than 50*C in amounts and for a 
time suffiderrt to achieve a degree of alkyl substitu- 
tion of greater than 2.4. b) stripping organic volatiles 
from the reaction mass, c) washing the reaction 
mass with water at temperatures high enough to pre- 

40 vent dissolutkxY or agglomeratkm of the alkylated 
galactomannan. and d) drying and pulverizing the 
dried alkylated galactomannan to suitable particle 
size. 

45 2. The process of daim 1 , wherein the reaction takes 
place in the presence of a diluent, 

3. The process of claim 2, wherein the diluent is 
selected from an atphatic a aromatic hydrocartx>n. 

50 

4. The process of daim 3. wherein the diluent is tolu- 
ene a xylena 

5. The process of claim 1 . wherein the reaction mass 
55 is neutralized with an add after the stripping step 

during washing with water. 

6. The process of claim 5. wherein the add is either an 
organic acid or a ntineral add. 
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7. The process of claim 1 . wherein the aikyi portion of 
the aiKyI halid independently Is selected from the 
group consisting off methyl, ethyl, propyl, or mixtures 
thereof. 

5 

8. Theprocess of claim 1. wherein the alkyl portion of 
the alkyl halide is ethyl. 

9. The process of claim 7. wherein the halide portion 

of the alkyl halide is selected from the group consist- io 
ing of chloride, bromide, and iodide. 

10. The process of claim 1 , wherein the galactomannan 
is selected from the group consisting of guar gum 
and locust bean gum. is 

1 1 . The process of daim 1 , wherein the temperature of 
the water during the washing step is greater than 

40*C. 

12. The process of daim 1 . wherein an oxidizing agent 
is added either to the reaction step or to the washing 
step in order to oxidatively degrade the alkylated 
galactomannan and reduce its molecular weight. 

1 3. The process of claim 1 2, wherein the oxidizing agent 
is selected from the ^'otp consisting of i) oxygen in 
the presence of caustic, ii) inorganic peroocides. and 
iii) organic peroxides. 

14. Theprocessof claim 13. whereintheoxidizingagent 
is h^rogen peroxide. 

1 5. The process of claim 1 4. wherein the oxidizing agent 
is added during the washing step. 3S 

16. Theprocessof claim 12. whereintheoxidizingagent 
is air and is added during the reaction step. 

1 7. The process of daim 1 . wherein the reaction is con- 4o 
ducted under an inert atmosphere. 

18. The process of daim 1. wherein the inert atmos- 
phere is created with nitrogen. 

4S 

19. The product Obtainable according to the jarocess of 
any one of claims 1-18. 

20. The use of the product according to dainn 19 for the 
manufacture of a pharmaceutical preparation. so 
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